Objectives: To assess the prevalence, patient-physician communication, treatment and health outcomes associated with urinary incontinence (UI) among the medically complex vulnerable elderly (MCVE) in the United States (US). Methods: Data from the 2006 to 2012 Medicare Health Outcomes Survey (HOS) were used. MCVE patients were aged 65+ years with a HOS VE score ≥ 3. UI was reported as a small, big or no problem. Descriptive statistics were used to assess patient-physician communication and treatment. Multivariable regression analyses were performed to assess the association of small or big UI problems with various outcomes. Results: The annual UI prevalence increased among MCVE [from 35.8% (2006) to 38.6% (2012)]. MCVE with big UI problems communicated with their physicians more often than those with small UI problems (77.9% and 49.6%, respectively); however, treatment of UI remained low (48.5% and 29.1%, respectively). Physical component summary (PCS) and mental component summary (MCS) scores were lower among MCVE with small or big UI problems compared with those with no UI problems, respectively. The decrements in PCS and MCS scores associated with big UI problems were greater than the decrements associated with any of the other assessed conditions. MCVE with small or big UI problems, respectively, were more likely to report past falls, depression and activity daily living limitations vs. those without UI. The odds of having experienced these outcomes were greater for those with big UI vs. small UI problems. Conclusions: Urinary incontinence prevalence in the USA increased among MCVE from 2006 to 2012, although treatment of UI remained low. UI problems, particularly big UI problems, adversely impact health outcomes. Efforts to better identify and manage UI among the MCVE are needed.
Introduction
Urinary incontinence (UI) is defined as a loss of bladder control with symptoms ranging from mild leaking to uncontrollable wetting (1) . UI affects more than 200 million people worldwide, and approximately 25 million adult Americans (2) . A recent estimate suggests that UI is more commonly observed among elderly people, especially older women (1) . In addition, older individuals reported UI-related problems more frequently as compared with their younger counterparts (1) .
Previous research has demonstrated that UI adversely impacts patients' quality of life and is linked to distress, lowered self-esteem and depression (3, 4) . Among Medicare beneficiaries, recent survey findings indicate that UI is associated with decreased mental component summary (MCS) and physical component summary (PCS) scores as well as chronic conditions, including hypertension, angina, congestive heart failure, history of acute myocardial infarction, stroke, pulmonary diseases, gastrointestinal tract problems, arthritis, sciatica, diabetes and cancer (5) .
Studies have shown that many UI cases are either under-reported or diagnosed at later stages, leading to inappropriate medical management and treatment, facilitating disease progression as well as causing complications, such as urinary tract infections and rashes (6) . Physician-patient communication is key to early and successful treatment of UI (7) . However, most elderly people do not consider UI as a serious medical problem and discuss UI problems with physicians only when the disease becomes more severe (8) . Although a number of pharmacological therapies are available for treating UI, common treatment options, including behavioural treatment, devices and absorbent products, and surgery are given to patients depending on their disease severity (5, 9) .
Previous studies have assessed the prevalence of UI and patient health outcomes/quality of life associated with UI in the general elderly population (4, 5) ; however, such information is lacking for the medically complex vulnerable elderly (MCVE) population. We addressed this knowledge gap by examining the prevalence, patient-physician communication, treatment and health outcomes of UI in the MCVE population using a patient-reported survey database in the USA. Specific objectives of this study include: (i) to estimate annual prevalence of UI among the MCVE from 2006 to 2012; (ii) to assess patient-physician communication and treatment of UI problems among MCVE from 2006 to 2012; (iii) to compare health and functional status, falls and depression between MCVE with and without UI; (iv) to assess the health impact of UI vis-a-vis other chronic conditions among MCVE.
Methods

Study design and data source
This retrospective database study used data from the Medicare Health Outcome Survey (HOS). The HOS is an annual mail survey with telephone follow-up sponsored by the Centers for Medicare & Medicaid Services (CMS). The survey collects health and demographic information from a nationally representative sample of Medicare beneficiaries enrolled in Medicare Advantage Organization (MAO) that has a minimum of 500 enrollees.
Study subjects
The study subjects included the HOS respondents aged 65 years or older with complete information on UI status and Veterans Rand 12-item Health Survey (VR-12) from 2006 to 2012. The MCVE was determined based on the risk score derived from the Vulnerable Elders Survey of the HOS (VES-HOS) version 2.0 instrument (10, 11) . Adults aged 65+ with a VES-HOS 2.0 Risk Score greater than or equal to 3 points were defined as the MCVE.
Study variables
Demographic characteristics: age, gender, race, education level, marital status and geographical regions.
Self-reported UI problems: (i) No UI problem: those who responded 'not experiencing UI in the past 6 months' or those describing their recent (i.e. within the past 6 months) UI experience as 'not a problem';
(ii) Small UI problem: those who responded as having 'a small problem' with UI; (iii) Big UI problem: those who responded as having 'a big problem' with UI.
Patient-physician communication regarding UI problems and UI treatments: respondents who reported big or small UI problems were asked whether they had talked with a physician or other healthcare providers about the problem. Those who answered in the affirmative were asked if they had received any UI treatments.
Health and functional status: (i) Activities of daily living (ADL) measures: Bathing, dressing, eating, getting in or out of chairs, walking and using the toilet; (ii) VR-12: the 12 items were summarised to calculate PCS and MCS scale scores (12) . The PCS and MCS scores have a range of 0-100 and were normalised to have a mean as 50 and standard deviation as 10 for a representative sample of the US population.
For falls (self-reported), respondents were asked whether they had any fall in the past 12 months. Those who answered yes were identified as having experienced past falls.
For depression (self-reported), respondents were asked whether a doctor has ever told them that they had depression. Those who answered yes were identified as having experienced depression.
For comorbid conditions (self-reported), the HOS respondents were asked whether a doctor has ever told them that they had the following 14 diseases/comorbidities: hypertension or high blood pressure, angina pectoris or coronary artery disease, congestive heart failure, myocardial infarction or heart attack, other heart conditions such as problems with heart valves or the rhythm of heartbeat, stroke, emphysema/asthma/chronic obstructive pulmonary disease (COPD), Crohn's disease/ulcerative colitis/inflammatory bowel diseases, arthritis of hip or knee, arthritis of hand or wrist, osteoporosis, sciatica, diabetes and any cancer (other than skin cancer). Those who answered yes to the comorbidity were identified as having that specific comorbid condition.
Statistical analysis
Annual prevalence of UI by status (small UI problem, big UI problem, and overall UI problem), among MCVE in each survey year between 2006 and 2012, was calculated. Among the MCVE respondents who reported having a small or big UI problem, the number and proportion of patients who had spoken to a physician regarding UI problem and that of patients who had ever received any UI treatment were reported. Results were presented by UI status in each survey year during 2006-2012.
The following analyses were conducted using conducted to summarize patient demographic characteristics based on UI status among the MCVE. Health outcomes were compared between MCVE with big UI problem and those with no UI problem as well as between MCVE with small UI problem and those with no UI problem. Unadjusted comparisons were conducted using the v 2 test for categorical variables and two-sample Student's t-test for continuous variables. Logistic regression models were conducted to assess the association between binary patient health outcomes (i.e. falls, depression and any ADL limitation) and UI status (i.e. small UI problems vs. no UI problem and big UI problems vs. no UI problem), by adjusting for demographic characteristics and comorbidities.
Respective multiple regression model, by adjusting for demographic characteristics and comorbidities, was performed to assess difference in PCS/MCS scores between having a condition and not having the condition (e.g. big UI problems vs. no UI problems, small UI problems vs. no UI problems, having a comorbid condition vs. not having the condition).
All analyses were conducted in SAS 9.4 (Cary, NC).
Results
A total of 3,165,135 subjects provided responses to the Medicare HOS from 2006 to 2012. Of these subjects, 1,408,285 aged 65 years or older who had complete information on UI status and VR-12 were included in the study. Among them, 829,614 were identified as MCVE: 311,524 (37.55%) reported having small or big UI problems, whereas 518,090 (62.45%) reported no UI problems. Table 1 shows demographic characteristics of MCVE with no, small or big UI problems. Compared with those without UI problems, MCVE with small or big UI problems were slightly older, with a higher proportion of females and whites, a lower proportion of being married and were more likely to live in the Central and Pacific regions.
The mean age of MCVE with a big UI problem (78.0 years, SD = 8.1) was higher than those with a small UI problem (77.0 years, SD = 7.6). In addition, MCVE with a big UI problem had a higher proportion of females (74.9% vs. 68.6%), but a lower proportion of whites (82.1% vs. 84.1%) and lower proportion of being married (37.6% vs. 45.1%), and living in the Eastern region (40.3% vs. 42.1%) vs. those with a small UI problem.
Annual prevalence of UI problems among MCVE
The annual prevalence rate of all UI problems, including small and big UI problems, among the MCVE increased over the 7-year period, from 35.8% in 2006 to 38.6% in 2012 ( Figure 1A) . The prevalence of a big UI problem increased from 9.9% in 2006 to 12.1% in 2012 ( Figure 1A ), whereas the prevalence of a small UI problem remained similar (25.9% in 2006 to 26.5% in 2012, Figure 1A ) over the 7-year period among the MCVE population.
The annual prevalence of UI problems among general elderly was also assessed. The respective prevalence rates for all UI problems, small UI problems and big UI problems among the general elderly ( Figure 1B) were all lower than those observed among the MCVE. 
Physician-patient communication and treatment among MCVE with UI problems
Health and functional outcomes among MCVE with and without UI problems
Medically complex vulnerable elderly with small or big UI problems, when compared with those without a UI problem, were more likely to experience a past fall, depression, ADL limitations and had a lower score on PCS and MCS (all p < 0.0001; Table 2 ). Those with a big UI problem were most likely to experience a past fall, depression, ADL limitations and had the lowest score on PCS and MCS (Table 2) . After adjusting for demographic characteristics, including age, gender, race, education and marital status, and the comorbid conditions, MCVE with a small UI problem were associated with greater odds of having experienced a past fall (OR = 1.59, 95% CI: 1.57-1.60), depression (OR = 1.29, 95% CI: 1.28-1.31) and ADL limitations (OR = 1.52, 95% CI: 1.50-1.53) compared with those without a UI problem. Those with a big UI problem were associated with even greater odds of having experienced a past fall (OR = 2.52, 95% CI: 2.49-2.56), depression (OR = 2.21, 95% CI: 2.18-2.25) and ADL limitations (OR = 3.14, 95% CI: 3.08-3.20) vs. those without UI problem (all p < 0.0001). p < 0.0001) and MCS scores (Coeff = À1.89, SE = 0.03, p < 0.0001) compared with those without UI problems, after adjusting for demographic characteristics and the comorbid conditions. MCVE with a big UI problem had even lower PCS (Coeff = À4.47, SE = 0.04, p < 0.0001) and MCS scores (Coeff = À5.95, SE = 0.04, p < 0.0001) than those without UI problems after adjusting for demographic characteristics and the comorbid conditions. For most of the comorbid conditions assessed in this study, MCVE with the condition also had lower PCS and MCS scores compared with those without the condition, after adjusting for demographic characteristics and the conditions other than the one being evaluated (Table 3) . But the decrements in the PCS and MCS scores associated with big UI problems were bigger than the decrements associated with any of the other conditions being assessed (Table 3) .
Discussion
To our knowledge, this is the first study to assess the prevalence, patient-physician communication, treatment and health and functional outcomes associated with UI problems in the MCVE population. Our study shows that the prevalence of UI problems among the MCVE increased from 35.78% in 2006 to 38.60% in 2012, suggesting a continued increasing trend in the overall burden of UI.
The increasing prevalence of UI observed in this study is consistent with the published literature. The study by Irwin et al. (13) reported an increasing pro- more likely to receive treatments than those with small UI problems, more than half of the MCVE with big UI problems never received any UI treatments and the treatment rate decreased from 2006 to 2012. It is not completely clear why some MCVE patients with UI problems, including those with big UI problems, did not receive any treatments. Inadequate quality of care for UI provided to the vulnerable elderly (14) and patients' perceptions may partly explain these findings. Even though UI can be managed by a number of treatment options (16), previous literature has demonstrated that older adults with UI considered it not as a medical condition but as a normal part of ageing (17) . Because of this perception, they did not raise this health subject with their physicians and believed they could cope with UI (8).
Without proper management, small UI problems may develop into big UI problems that may lead to complications, such as falls/fractures and depression. This study showed that both small and big UI problems were significantly associated with past falls, depression and limitations in ADL among MCVE patients. The potential impacts of these outcomes were more prominent for those with big UI problems. Our findings of UI on depression were consistent with the study by Ko et al. (4) , which showed that elderly people with UI problems were about twice as likely to report feeling depressed as those without UI problems. Figure 2 Percentage of MCVE patients who communicated with physicians about UI problems (A) and percentage of MCVE patients receiving treatment (B). Percentages were based on rounding to the first decimal place The mean PCS and MCS scores were significantly lower in MCVE patients with small or big UI problems vs. those without UI problems. Our finding is consistent with previous published studies (4, 5) , although the mean PCS and MCS scores were slightly lower in the current study. The lower PCS and MCS scores could possibly be explained by the different base study populations (current study: MCVE vs. previous studies: general elderly (4, 5) ). The lower PCS score among those with UI problems may be explained by the negative impact of UI problems on the physical functioning domain, such as difficulty in performing moderate activities, climbing stairs and having physical health problems. The lower MCS score among those with UI problems suggests that UI may hinder the patients' emotional well-being, their activities at work and their social interaction. The literature indicates that there is a strong association between UI and psychosocial problems/social isolation (17, 18) .
The decrements in PCS or MCS associated with big UI problems vs. no UI problems are not only statistical significant but also clinically meaningful based on the published literature (19, 20) . Mean PCS score for MCVE with big UI problems was 4.47-point lower than those without UI problems, even after controlling for age, gender, race, education, marital status and the presence of other comorbid conditions. When comparing the magnitude of difference in PCS score associated with having a condition vs. not having the condition among the MCVE patients, the decrement in PCS score associated with big UI problems was among the largest of any condition examined. The potential impact of big UI problems on the MCS score among MCVE patients was even more prominent, with mean MCS score among those with big UI problems being 5.95-point lower than those without UI problems. The decrement in the MCS score associated with big UI problems was again the largest of all conditions assessed.
Several limitations from this study need to be recognised when interpreting the results. Typically in surveys, self-reported data are subject to recall bias. HOS respondents were sampled nationally from the MAO that has a minimum of 500 enrollees. Even though it is a nationally representative sample, the results are only representative of Medicare advantage health plan participants without end-stage renal disease and cannot be generalised to the overall Medicare population. This study only includes HOS respondents with complete information on UI status and VR-12. The exclusion of HOS respondents with missing information on any of these items may lead to selection bias. Because of the nature of the cross-sectional analysis, causal relationship cannot be inferred from study results. Although multiple regression analyses were performed to adjust for potential confounders when assessing the association of UI with study outcomes, unobservable confounders (e.g. prior healthcare resource utilisation, such as prior inpatient stay or emergency room visit, and/or other comorbidities not assessed in this study, such as dementia and renal disease) might lead to biased estimates.
Conclusions
The prevalence of UI problems, particularly big UI problems, increased from 2006 to 2012 among the MCVE population. However, there remains a gap in communication between the patients and physicians and treatment for UI problems, especially for those with small UI problems. MCVE with both small and big UI problems were more likely to have experienced negative health outcomes, such as past falls, depression, any ADL limitations and worse PCS and MCS scores, than those without UI problems. The negative impact of UI problems on health outcomes and quality of life were most remarkable among MCVE with big UI problems. Strategies should be implemented to raise the awareness of UI problems and facilitate patient communication with physicians about the problems among MCVE. Increased efforts to appropriately manage and treat UI, especially big UI problems, among the MCVE population are warranted.
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